Abstract. The importance of face-to-face informal communication is well recognized. The 'irori' is a Japanese-traditional little sitting space or room with a fire burning which affords relaxation and intimacy among a family. We, adopting the 'irori' as a metaphor, have designed and developed a cyber-space called IRORI as an IT-based space that catalyzes face-to-face informal communication among members of a small organization. We conducted evaluations of the IRORI by user experiments. The results of the experiments suggested that the IRORI brought about relaxation and conversation catalysis.
Introduction
Nowadays, the importance of face-to-face informal communication in an organization is well recognized. Indeed, we often get essential information and creative ideas through conversations in a refreshing room, lounge, smoking room, or corridor [1, 2] . Thus, informal communication, in harmony with formal activities, is an indispensable element for attaining organizational targets and triggering the creativity. In other words, it is essential for participants to interact face-to-face in the same time and space to deal with tacit knowledge that is difficult to transmit via electronic media [3] . To date, most studies of informal communication support have focused on awareness support with video connections etc. in a distributed environment due to the fact that multi-site offices are expanding widely [4, 5, 6] . However, it is also important to determine how to facilitate or catalyze communications in a shared informal place.
In this study, we first have observed the behavior of individuals in a shared informal space that was formed spontaneously and well facilitated in a large graduate student room. Through this observation we have found three key concepts effective to develop a cyber-space for face-to-face informal communication [7] :
• The effect of excuse via objects to avoid proxemics pressures [8] (or attain comfortableness).
• The effect of catalyzing conversations via objects: objects.
• The 'irori' metaphor: the 'irori' is a Japanese-traditional little sitting space or room with a fire burning.
Referring to these concepts, we have developed an IT-based prototype system called IRORI. The main part of this system consists of three PCs connected via network; two of which have large PDP monitors with touch panels (one is horizontal and the other vertical) and the other is a proxy server. All participants' PCs also are connected to the proxy server.
Two types of evaluation experiments have been conducted:
• Short-term evaluation for proxemics pressures in controlled environments • Long-term evaluation for communication catalysis in an actual environment As the results of the experiments, it has been shown that the IRORI can avoid proxemics pressures (or afford comfortableness) and catalyze informal communication among participants.
Observations in a Shared Informal Space
We carried out observation experiments to investigate the behavior of individuals in a shared informal space [7] : what are important factors and triggers for facilitating informal communication?
As the place for observation experiments we chose an open shared informal space (about 3.5m x 3.5m) situated in a center of a graduate student room (16m x 16m; 16 booths) in our Institute where there were a round table (diameter 90cm), four chairs around it, and other things. The space was formed spontaneously in advance of the experiment just as a relaxing space with no special purpose and used frequently by several alternative participants to talk each other, read magazines and so on. Therefore it was the best place for our observation purpose. We set three video cameras and several objects such as toys, boards, and magazines (see Fig. 1 (a) (b) Fig.1 . A shared informal space (a) situated in the center of a graduate student room (b).
We recorded the behavior of individuals by three video cameras for 7 days and analyzed the record. We carefully checked and described the behavior of individuals (i.e., entering, staying, leaving, handling, seeing, talking etc.), things participants saw or handled, triggers conversations were started or ended, and so on. As the result of the observation experiments we found that participants around the table are touching any object during 69.6% of the time in average [7] . Our interpretation of this remarkable fact is as follows.
The purpose of using a formal place such as a meeting room is usually limited and well-known to participants whereas the purpose of using a shared informal place is usually not limited and not well established. This means that time is needed for participants to adjust to different intentions and interests. Therefore proxemics pressures cause each participant to have an uncomfortable feeling in joining and staying, especially if there is no active conversation in the space. To avoid proxemics pressures (or attain comfortableness), each participant needs a reason to justify joining and staying in the room: usually appealing unconsciously to other participants that "I am paying attention to physical objects". Also, talking about an object that some participant is touching or examining can often start a conversation. Thus, it is suggested that the existence of physical objects gives participants chances for starting a conversation and reasons for justifying "enter there" and "stay there".
The necessity of excuse objects can be supported from a viewpoint of proxemics. People possess unspoken proxemics rules for appropriate distances in daily relationships [8] . It is proposed that the distances are categorized into the five zones according to the possibilities for starting a conversation [9] . Among them the following zones are interesting for us:
• Zone of conversation (50cm~1.5m): A conversation is mandatory.
• Zone of proximity (1.5m~3m): Possible to enter without a conversation, but not comfortable.
• Zone of mutual recognition (3m~20m): Greetings usually occur and ignoring acquaintances is difficult.
Our shared informal place used for the observation experiment has the critical size where it is mandatory to start a conversation or not (see Fig.1 ). This can be considered as a reason why the excuse effects via objects were observed in the place. It is convenient to have an adequate metaphor in designing a system. Fortunately, we have a good metaphor, called the 'irori', which is a Japanese-traditional little sitting space or room with a fire burning, which affords relaxation and intimacy among a family (See Fig.2 (a) .). We adopted this metaphor to develop our system. In order to develop a prototype system, we adopted the following two design principles. One is that our system should be like the 'irori' both physically and mentally. The other one is that our system should incorporate the excuse effects and the conversation catalysis effects. There are various objects such as fire, charcoals and a kettle around a traditional "irori" that play the role of easing "enter there" and "stay there" like a catalyst.
We implemented a prototype system IRORI that offers the following facilities: • Non-directional physical arrangement for a shared informal place in "irori" style:
Objects in a traditional "irori" can be touched from any direction. Therefore, nondirectional "irori" style must be important. Fig.2 (b) shows IRORI system of which appearance is similar to "irori".
• Direct manipulation of water and bubbles in 3D space by fingers: We realize water and bubbles in 3D as a non-directional media. Water and bubbles are shown on a horizontal display (PDP) with a touch panel. We can control the movement of bubbles by fingers, which gives us relaxation effects. Moreover, water and bubbles dynamically and complicatedly changes and therefore this never make us feel tiredness.
• Dynamic presentation of Web contents hidden in bubbles for enhancing
conversations: This facility is intended to afford topics for enhancing conversations while a traditional irori cannot provide such the facility. Each bubble has a connection to a Web page. The rule for the connection can be defined according to the user's convenience. Currently each bubble is linked to a Web page that some member in an organization had accessed previously. Each member is identified by color. When the user touches a bubble and attains specific conditions, the Web page is displayed on a horizontal PDP.
• Non-simple operation for searching and controlling bubbles: The specific conditions to display Web pages are not known by the user. The user has to search and find them. IRORI consists of three parts: the main part for displaying water and bubbles on a horizontal PDP, a part for displaying Web pages on the other vertical PDP, and a proxy server. These parts are connected via network.
Evaluation Experiments of the IRORI
Our first concern exists in the avoidance of proxemics pressures (i.e. attain comfort) by introducing the IRORI in a short-term stay (15 min) during which it is difficult for participants to share conversation themes. We prepared three different experimental environments: (a) Base: an environment where there is only a table and nothing on it; (b) Leaflet: an environment where there are a table and leaflets on it; and (c) IRORI environment. Five groups of subjects were formed and each group consisting of three subjects. A session schedule for each group was planed including the three environments (15 min for each environment). Scenes of all the sessions were recorded by a video camera. For each session three subjects who were acquainted each other were asked to make communication in an own way, i.e., having a conversation were not requested. After the sessions, all subjects were requested to reply to a questionnaire through looking at the replay of video records. In the questionnaire each subject were asked to give evaluation values (0:none, 1:lowest… 5:highest) for the following four evaluation items: (a) Conversation: interest in the conversation; (b) Look: interest in the looking object; (c) Touch: interest in the touching object; and (d) Comfortableness: feeling for avoiding proxemics pressures. Fig.3 . Arrangements in the environments used for evaluation experiments; (a) original environment and (b) environment added the IRORI system Our second concern is to evaluate long-term effects for catalyzing informal communication by installing the IRORI in an actual shared informal space. We chose a shared informal space being used by 12 students who are not familiar with the IRORI. Environments used for evaluations are shown in Fig.3 , where (a) shows an original environment consisting of a table and chairs, and (b) an environment made the IRORI installed into the original environment. We recorded the behavior of individuals by a video camera for 5 days (6 hours per day) for each environment and analyzed the record. After the experiments, all subjects were requested to reply to a questionnaire about intentions to enter the space, topics of conversations, and so on. Web pages that the 12 students accessed were dynamically linked to bubbles. Table 2 shows comparisons of values for 4 items between original and IRORI environments: the total number of participants who entered the space, the total time participants stayed in the space, the total number of conversations, and the total time of conversations. In every item, values for the IRORI environment are bigger than the original environment. The ratio between the total time of conversations and the total time of staying is 24% in the original environment whereas 63% in the IRORI environment. These results mean that the IRORI can activate informal communication among participants in terms of entering, staying, and talking. Table 3 shows intentions for participants to enter the space. It is interesting that 6 participants in 9 participants entered the space in order to use the IRORI. This means that the IRORI itself can be an excuse to enter the space. Table 4 shows frequencies of actions the participants took place just after entering the space. The number of actions relating to the IRORI is dominant than other actions. This also suggests that the IRORI can be an excuse to enter the space. Table 5 shows a summary of replies to the questionnaire about topics of conversations and sources of the topics. It should be noted that Web pages presented in the vertical display of the IRORI could often be triggers for conversations.
Concluding Remarks
We have observed the behavior of individuals in a shared informal space. Through this observation we have found three key concepts effective to develop a cyber-space. Then, we have developed an IT-based prototype system called IRORI referring to these concepts. Two types of evaluation experiments have been conducted: a shortterm evaluation and a long-term evaluation. As the result, we conclude: (1) It is suggested that the existence of physical objects gives participants reasons for justifying "enter there" and "stay there" and chances for starting a conversation; (2) The IRORI can catalyze informal communication among participants.
